It was recently shown (Murphy et al.,, that rabbit macrophages produce two biochemically and immunologically distinct endogenous pyrogens. One of these has or copurifies with substances having a molecular weight of 13,000 and a pI of 7.3. This protein was produced by blood monocytes or inflammatory cells elicited in 16-h rabbit peritoneal exudates. These acute peritoneal exudates were produced by the intraperitoneal injection of large volumes of saline containing shelffish glycogen. When the leukocytes in these exudates were washed and incubated at 37°C in saline, they released an endogenous pyrogen. The injection of this pyrogen into rabbits, rats, or mice caused the biological manifestations which have been attributed to leukocytic endogenous mediator. These effects were increases in blood neutrophils, the lowering of plasma iron and zinc levels, and the increased synthesis of the acute-phase proteins. The other rabbit endogenous pyrogen seems to be a family of proteins with isoelectnrc points between 4.5 and 5.0. These proteins are produced by macrophages in the lung, liver, or in chronic peritoneal exudates. In these experiments, the lower-isoelectric-point endogenous pyrogens were produced by macrophages from the peritoneal cavity of rabbits that had been injected 4 days earlier with 50 ml of light mineral oil. These rabbit pyrogens were found to have leukocytic endogenous mediator activity in mice but to be completely inactive in rats. When injected into rabbits, these proteins produced fever, lowered plasma iron, increased blood neutrophils, but failed to elevate plasma fibrinogen.
It was recently shown (Murphy et al., Infect. , that rabbit macrophages produce two biochemically and immunologically distinct endogenous pyrogens. One of these has or copurifies with substances having a molecular weight of 13,000 and a pI of 7.3. This protein was produced by blood monocytes or inflammatory cells elicited in 16-h rabbit peritoneal exudates. These acute peritoneal exudates were produced by the intraperitoneal injection of large volumes of saline containing shelffish glycogen. When the leukocytes in these exudates were washed and incubated at 37°C in saline, they released an endogenous pyrogen. The injection of this pyrogen into rabbits, rats, or mice caused the biological manifestations which have been attributed to leukocytic endogenous mediator. These effects were increases in blood neutrophils, the lowering of plasma iron and zinc levels, and the increased synthesis of the acute-phase proteins. The other rabbit endogenous pyrogen seems to be a family of proteins with isoelectnrc points between 4.5 and 5.0. These proteins are produced by macrophages in the lung, liver, or in chronic peritoneal exudates. In these experiments, the lower-isoelectric-point endogenous pyrogens were produced by macrophages from the peritoneal cavity of rabbits that had been injected 4 days earlier with 50 ml of light mineral oil. These rabbit pyrogens were found to have leukocytic endogenous mediator activity in mice but to be completely inactive in rats. When injected into rabbits, these proteins produced fever, lowered plasma iron, increased blood neutrophils, but failed to elevate plasma fibrinogen.
One of the traditional sources for obtaining endogenous pyrogen (EP) has been peritoneal exudates elicited in rabbits with shellfish glycogen (4, 11, 22, 26) . This pyrogen has a molecular weight of approximately 13,000 and a pl of 7.3 (6, 28) . There is evidence that this pyrogen may also be involved in the release of neutrophils from bone marrow, the lowering of plasma iron and zinc levels, and the synthesis of acute-phase proteins (11, 13, 15, 16) . This rabbit EP has been shown to produce these effects in mice (12) , rats (18, 30) , and rabbits (5) . The mediator for these activities has been called leukocytic endogenous mediator, and its physical and biological properties have been reviewed elsewhere (9, 10) . Evidence has been adduced that the pl 7.3 EP and leukocytic endogenous mediator may be the same protein (5, 23, 24) .
It has recently been shown that rabbit macrophages secrete two biochemically and immunologically distinct EPs (27) . When rabbit peritoneal cells are removed 4 days after an intraperitoneal (i.p.) injection of 50 ml of mineral oil, the predominate EP released is a family of proteins with pIs between 4.5 and 5.0 (27) . The EP with a pI near 7 and the family of EPs with pIs around 5 have similar molecular weights. Only the pl 7 EP has sulfhydryl groups, and free sulfhydryl groups seem to be essential for its biological activity (18, 22) .
Both the pI 5 and the pI 7 EPs have been shown to have interleukin-1 activity (29, 32, 34) , but the pI 5 has not been extensively tested for leukocytic endogenous mediator activity. It was the purpose of this investigation to compare the pl 7 and p1 5 EPs for effects on plasma iron concentration, blood neutrophils, and fibrinogen in rabbits, rats, and mice.
MATERIALS AND METHODS
Animals. New Zealand white rabbits weighing 3 to 4 kg were purchased locally. Male Holtzman-derived rats, 8 to 10 weeks old, were from our colony. Female C3H/HeJ mice purchased from the Jackson Laboratory (Bar Harbor, Maine) were used at 8 to 10 weeks of age.
Preparation of crude pyrogens. Crude pI 7 EP was obtained from leukocytes elicited into the rabbit peritoneal cavity by the i.p. injection of 400 to 600 ml of 0.2% shellfish glycogen in saline (5, 12, 30) . The cells in the exudate were collected 16 h later by aspiration into an iced vaccum flask containing heparin (20 U/100 ml of exudate). The leukocytes were counted, washed in saline by centrifugation at 800 x g for 10 min at 4°C, and suspended at a concentration of 1 x 108 cells per ml of saline. The leukocyte composition of the exudates prepared in this manner was 92 to 96% granulocytes and 3 to 6% macrophages. They were incubated for 2 h with gentle shaking at 37°C. The supernatant solution, containing predominantly pl 7 EP, was separated by centrifugation at 4,000 x g for 10 min.
Crude material containing predominately pl 5 EP was obtained by giving rabbits an i.p. injection of 50 ml of sterile mineral oil. After 4 days, the cells were washed from the peritoneal cavity with saline containing heparin (20 U/100 ml), and the oil was removed in a separatory funnel. The cells (differential counts indicated approximately 90% macrophages) were filtered through sterile gauze, centrifuged, and washed with minimal essential medium (MEM). They were activated by incubating 5 x 106 macrophages per ml in MEM containing 5% rabbit serum and 0.2 ,ug of Salmonella abortus endotoxin (L4380; Sigma Chemical Co., St. Louis, Mo.) per ml. Activation was for 2 h at 37°C, after which the cells were centrifuged and then washed with and suspended in serum-free MEM. The cells were incubated at 37°C for 16 h, after which the cells were removed by centrifugation; the supermatant was saved for further purification.
Separation and partial purification. The crude pyrogen was passed through 0. We determined the pyrogenicity of a test material by plotting the log dose response at either three or four different doses, using a minimum of 12 rabbits. Only those doses which gave an average temperature elevation of between 0.3 and 0.8°C were used to plot the log dose-response curve. The pyrogenic activity was expressed in arbitrary units, where one unit was the amount of EP needed to produce a mean febrile response of 1C in rabbits (28) .
Other biological activities. EP (1 pyrogenic U) was injected i.p. into the mice, by the marginal ear vein into the rabbits, and by either i.v. or i.p. injections into the rats. Blood samples were obtained from the marginal ear veins of rabbits and from the heart of anesthetized mice and rats. The blood samples were taken at 6 h after the i.p. injections for determining neutrophil and plasma iron levels and at 16 h for fibrinogen levels in mice. The blood samples in both rabbits and rats were taken at 1 h for neutrophils, at 8 h for plasma iron levels, and at 24 h for fibrinogen levels.
Total leukocyte numbers were counted in a hemacytometer, and the percentage of neutrophils was determined from a 200-cell differential count of a Wrightstained smear. Plasma iron levels were determined in deproteinized samples by atomic absorption spectroscopy on a model 403 Perkin-Elmer spectrophotometer. Flame was used for rat and rabbit plasma, and the HGA-2000 graphite furnace (The Perkin-Elmer Corp., Norwalk, Conn.) was used for mouse plasma. Fibrinogen was assayed in all three species by the heatturbidity method of Wycoff (37) .
RESULTS
When the pl 7 EP prepared from acute peritoneal exudates was subjected to isoelectric focusing, 85 to 95% of the fever-producing activity was found in a peak with a pl between 7 and 7.6. Only one peak of pyrogenic activity was found on the Sephadex G-50 at an indicated molecular weight of approximately 13,000. About 90% of the EP prepared from chronic peritoneal exudates focused with a pl between 4.8 and 5.4 and eluted from Sephadex G-50 in what appeared to be a single peak at an indicated molecular weight of 12,000 to 15,000. These two major peaks were designated pl 7 and pl 5.
Repeated measurement of the log dose-response curves for fever showed that the pI 7 and pl 5 EPs have similar slopes. The effects on blood neutrophils when 1 pyrogenic U of either the pl 7 or pI 5 EP was injected are shown in Fig.  1 . When the pI 7 EP was injected, a three-to fivefold increase in neutrophils was observed in all three species. The pI 5 EP caused similar significant increases in mice and rabbits, but had no effect in rats. The dose of pI 5 EP administered to rats could be varied from 0.1 to 10 pyrogenic U injected either i.p. or i.v. without influencing this result (data not shown).
The effect of these two EPs upon plasma iron levels is shown in Fig. 2 . The pI 7 EP produced a significant decrease, approximately 50%, in all three species. The pI 5 EP caused a comparable decrease in mice and rabbits, but was ineffective in rats.
The elevation of plasma fibrinogen levels was produced by pl 7 EP in mice, rats, and rabbits (Fig. 3) . The pI 5 EP was as effective as the pl 7 in mice, but was without effect in rats. Rabbits, which were the source of this pyrogen, showed no elevation of plasma fibrinogen levels. DISCUSSION We made no attempt to measure the effects of these rabbit pyrogens on the body temperature of rats or mice. In previous experiments, we have injected crude preparations of pyrogen from acute peritoneal exudates of rabbits into restrained rats and found a decrease in body temperature for the first 2 h (14) . Experiments have shown fever in some strains of mice when EP is injected into prewarmed mice (3).
The increase in peripheral blood neutrophils after injections of EP seems to be due to the more rapid release of neutrophils from the bone marrow without alteration of the marginal neutrophil pool (17) . The site of action would logically be the bone marrow, and so far no intermediate has been identified (25) . Apparently, the rabbit pl 5 EP is destroyed before it reaches this site, or the proper receptors are not present for this molecule in the rat. The pl 5 and 7 pyrogens must have some active sites in common, since they both cause fever in rabbits, increased thymidine uptake by mouse thymocytes (27, 34) , and most of the leukocytic endogenous mediator activities in rabbits and mice. The complete lack of activity when the pI 5 EP is injected into rats might suggest a rapid degradation. If so, it must occur when it is injected i.v., as well as i.p. Although the rabbit pl 5 EP does not increase rat blood neutrophils with a dose of 10 pyrogenic U, the pI 7 EP increased neutrophils two-to threefold when a dose of 0.07 pyrogenic U or more
Effect of pl 7 and 5 rabbit EPs upon plasma iron concentrations of mice, rats, and rabbits. One pyrogenic unit was injected i.p. into the mice and rats and i.v. into the rabbits. The standard error of the mean is shown by brackets, and the number of animals in each group is given below these brackets. *, Significantly different from the saline control (P < 0.01); **, significantly different from the saline control (P < 0.001).
was injected (17) . This makes it possible to obtain a rough approximation of the percentage of pI 5 and 7 EPs being produced by various rabbit macrophage populations. This type of experiment suggests that pI 5 EP is predomi- FIG. 3 . Effect of pl 7 and 5 rabbit EPs upon plasma fibrinogen levels of mice, rats, and rabbits. One pyrogenic unit was injected i.p. into the mice and rats and i.v. into the rabbits. The standard error is indicated by brackets, and the number of animals in each group is given below these brackets. *, Significantly different from the saline control (P < 0.01); **, significantly different from the saline control (P < 0.001). The mechanisms by which EP lowers plasma iron levels have not been established (13) ; perhaps they are similar to those involved in hypoferremia after endotoxin injection (19) . This mechanism suggests a defect in the return of iron from recently destroyed erythrocytes to the bone marrow. Some evidence has also been adduced that lactoferrin may be involved (36) , and pI 7 EP has been shown to react in vitro with neutrophils and promote the release of lactoferrin (21) . Neither of these mechanisms, however, has been thoroughly investigated after injections of EP. Investigations of the possible involvement of lactoferrin could be done by determining whether pI 7 but not pl 5 rabbit EP causes the in vitro release of lactoferrin from rat neutrophils. The effects of pI 5 pyrogen upon plasma iron and fibrinogen levels were not checked at higher doses, since higher doses were ineffective for increasing neutrophils and changes in neutrophils seem to be the most sensitive measure of activity (17) .
Evidence that rabbit pI 7 EP can act directly upon rat hepatocytes to stimulate fibrinogen synthesis has been reported (8, 33) . Other studies have shown increased acute-phase proteins in the plasma when EP is given intra-cerebroventricularly as compared with i.v. injection (2, 35) . If the effects of pI 5 and 7 EPs upon plasma fibrinogen levels in rabbits can be confirmed in other laboratories and extended to other acutephase proteins, these EPs might be useful in determining the site and mechanism of action. These possibilities could be checked by testing in vitro for the direct action of pl 5 EP on isolated hepatocytes and also by intra-cerebroventricular injections to see whether the fever and acute-phase protein responses correspond. The way in which EP stimulates acute-phase protein synthesis needs and deserves further investigation. The changes shown for fibrinogen in these studies could be due to a disturbance of other physiological control mechanisms for fibrinogen synthesis which are still obscure (1, 20) . It is known that synthesis is not controlled by fibrinogen concentration. The injection of thrombin into the animal enhances synthesis, but thrombin has no effect on liver tissue in vitro (1) . Attempts to attribute increased synthesis to fibrinogen degradation products have led to conflicting results (20) .
These results provide still more evidence that the rabbit can produce at least two distinct EPs (27) . That they are different is shown not only by their physical properties, but also by the biological effects that they produce. This paper also presents evidence that the pI 5 and 7 EPs from the same animal can have quite different species specificity. It is unlikely that any of the biological activities were due to endotoxin since both the pI 5 and 7 EPs gave a negative test with the Limulus lysate test. Many explanations of how macrophages could produce two or more proteins with pyrogenic activity are still possible. The product produced may be related to the stage of differentiation of the monocyte, or the subsets of the mature macrophages could be different. It also seems possible that the activator used to stimulate the macrophage or even the environment of the cell may influence the EP that is produced (7) .
